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Methane Hydrates
Working Group Committee - History

1982-1992 DOE funded research for evaluation of methane hydrates as am ensrgy resource
Movember ‘97 Federal Energy Research and Development for Challenges of the 21st Century

January '#8  Workshop between DOE-HQ, National Laboratories, USGS, & NRL produced a
research agenda. The DOE Working Group Committee was formed.

August P8 A Strategy for Methane Hydrates
Research & Development
wrl: w fo.doe qo
methanehydrates/ailgas_hydrate himl

June '#9  Mational Methane Hydrate Multl-Year
R&D Program Plan.
url: www.fe.doe.gov/oll_gas
methanehydrates/oilgas_hydrate.htm|

December %9  BAA - Development of Technologies and Capabilities
5 r._;}'-'l.-.ride Coal, Matural Gas, and il

MWational Laboratory call for proposals
el weew, paetl L&

hurm bpdriien medbars hydrsios mathase 1 mekbara hpdrstes metbare hydrater metbone bpdrter metheee byd mrtheve hpdrstarm,

Ongoing Hydrate Research

* Physical, thermodynamic, and kinetic properties evaluation

* Determination of crystalline structure & hydrogen bonding for
wate as interactions

* Evaluation of hydrate phase transitions under various temperature
and pressures

Proposed Hydrate Research
Obtain Gulf of Mexico hydrate samples (with Naval Research Laboratory)
Analyze samples at Advanced Photon Source (x-ray)
Begin three phase studies of synthetic materials using NMR
Compare LLML - USG5 and AML synthetic samples

AML Capabilities for Hydrate Research
* Neutron diffraction using the Intense Fulsed Neutron Source
* Apply Raman Spectroscopy to structure and phase changes
¢ X.ray diffraction using the Advanced Photen Source (APS)
* NMR using the high pressure toroidal NMR Chamber

POC Dave Sc¢ (schmalzer@anl.gov)
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Ongoing Hydrate Research
Understand factors governing hydrate thermodynamic stability:

* Technigues have been developed to grow large erystals at -5% for neutron studies
* X-ray study of field samples

Proposed Hydrate Research
Kinetic study with PFTs to track methane production
Study localized hydrate decomposition stimulated by sonolysis
mimicking direct subsurface conditions
Kinetic modeling using molecular simulation methods including
the Methods of Moments (MOM)

BML Capabilities for Hydrate Research

* A dedicated bench-scale unit (P; to 12 MP& T: -20 to «1500C; V ~ 1.5 L) operable
in both sl nd dynamic modes
growth and r ron sludies of clathrate hydrates
5 kinetic mo ing
rbon Tracer (PFT) technology, methane Lramnsport

POC: Devinder Mahajan {(dmahajan@bnl.g

£y mvebhane by

Ongoing Hydrate Research

* Measure microbial location and activity on samples from Canada and Japan

Proposed Hydrate Research

Fundamental physical properties and chemical stability of gas hydrates

in nature and during hydrocarbon exploration and production
Evaluate and demonstrate thermodynamic constraints on CH4 formation
Transpart
Geophysics

ECoroamics

INEEL Capabilities for Hydrate Research

Microbiological studies

Geophysical studies

Reservoir seismic interpretation

Transport model development

Feasibility evaluation for a large-scale hydrates test center

POC: Bob Cherry (CHY@ine
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Ongoing Hydrate Research
* Reservoir Simulation thal include !|||||1ip|1.1'i.l'. multicomponént, thermal simulation for
i prroduct
* Geophysics for high reslolution s ¢ and mid frequency electromagnetic imagi
® Rock Properties in the 100kHz frequency range to measure flow and geotechn

Proposed Hydrate Research

Assessment of impacts on geological environment for hydrate
recoverability

* Reservolr simulation of geologlc/geophysics

Laboratory Studies

*® Hydrate stability properties

*® Hysteresis and solubility

*® Bulk seismic properties

Code Extension and Validation to incorporate thermodynamic
properties and biochemical process

LENL Capabilities for Hydrate Research
Formation Mechanisms, Structure and Stoichiochemistry
Isotope Geochemistry
Microbial Studies
Seismic Geophysics
Reservolir Simulation

POC: Larry Myer {lror

hurs Bpdrstes medbans hydrdes mebbare hednates metbass hpdetes melkare hypdesien methane bydrikes methens hpereter melbene hpdeetor |

Ongoing Hydrate Research

Physical and kinetic properties of gas hydrates

Deformation testing, thermal properties, elastic properties

Kinetic Behavior

Dissociation of pure methanas h:,,rrlrnuu: inside and outside stahility field for T&P

Gas tuchangu of COz - CHy h_1_p'|:| rates
Proposed Hydrate Research

Fundamental physical properties and chemical stability of gas hydrates
in nature and during recovery
* Mechanical disturbance to hydrate bearing sediments
Factors affecting hydrate content & comp
Stability of hydrate formation during pre
Resource assessment tools for the Gull of Mexico
* Hydrate formation as a diagenetic i in marine sediments

LLNL Capabilities for Hydrate Research

* Ceophysics and Geochemistry Studi

" Predictive Models

* Economic Validation

* Basic Research of seafloor safety and stabili

POC: Bill Durham (durhaml@linl.gov)
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Ongning Hydrate Research
Hydrate formation in the Seafloor Process Simulator (SP5)
Completed data fusion and computational tool development for geo cal properties
Molecular modeling activity continue for prediction of phase stability in hydrate systems
Completed seismic evaluation at Mallik

Proposed Hydrate Research

High-Resolution, Three-Dimensional Seismic Reflection Imaging

Information Fusion for Hydrate Resource Assessment

Crystallography Evaluations by Meutron Diffraction of Methane Hydrates on
Paly talline Structures

Ca orations for Enhanced Methane Hydrate Systems Analysis using the 5P5
Environmental Benef nd Impacts of Methane Hydrate Production

ORNL Capabilities for Hydrate Research

* Seafloor Process Simulator Facility for scale-up experiments

# High Flux Isotope Reactor (HFIR) for neutron diffraction activ

* Computational Resources for hydrate assessment and understanding
geophysical properties

POC: Lorie Langley {langleyla@ornl.gov)

¥ mabhare hpdred hpdretes mris ¥ methane b £s methens hpdrade m

Ongoing Hydrate Research

Isotope Separations
Organic Separation and immobilization
€03z Sequestration

Proposed Hydrate Research

Methane Recovery from methane hydrates

* Advanced method that manipulate PT-Thermodynamics without energy imput

* Applied engineering methods to enhance heat transfer to reservoir

* Improved mining strategies

€02 Sequestration

* Develop molecular-level moedels to understand hydrate-sediment/soil interactions
* Enhancing Ocean Sequestration using inorganic supports

PNNL Capabilities for Hydrate Research

Mid to Large-scale Testing Capabilities

Field Data from deep sea ecology (marine lab in Sequim, WA)
Field Testing of €Oz sequestration concepts with NRL

POC: Jagann Bontha (j.r.bontha@pnl.gov)
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